Differences in the rates of breast cancer incidence among women in different countries and corresponding changes in the incidence of breast cancer for women who migrate from an area of lower incidence to one of higher incidence suggest that environmental factors such as dietary fat may play a role in this disease (Buell, 1978; Armstrong & Doll, 1975) . Epidemiological studies testing this hypothesis have produced conflicting results (Wynder et al., 1986; Willet et al., 1992) . The apparent lack of correlation between total dietary fat intake and the incidence of breast cancer led to the idea that the type of fatty acid (FA) in the diet might play a more important role in carcinogenesis than total dietary fat (Cave, 1991) . The type of FA can have a direct effect because, unlike proteins and carbohydrates, FAs are incorporated directly into membranes. In particular, the essential FAs (n-3 and n-6, EFAs), which mammals cannot synthesise, are either incorporated intact or converted to other FAs of the same family. Experiments in rat models showed that diets rich in linoleic acid (18:2 6,. LA) increased the incidence and metastasis of chemically induced and transplanted mammary tumours (Carroll & Hopkins, 1979; Hubbard & Erickson, 1987; Katz & Boylan, 1987) . Conversely, diets rich in n-3 FAs, such as a-linolenic (18:3, LNA), eicosapentaenoic (20:5, EPA) and docosahexaenoic (22:6, DHA) acids, reduced the incidence, growth and metastasis of both induced and transplanted rat mammary tumours (Pritchard et al., 1989; Cave, 1991) . These results could explain the increasing incidence of breast cancer in the USA, where LA-rich vegetable oil consumption has steadily increased, as well as the lower incidence in countries where fish oils (rich in n-3 FAs) constitute a higher proportion of the dietary lipid intake (Carroll & Hopkins, 1979; Kaizer et al., 1989) .
The effects of n-6 and n-3 FAs on mammary carcinogenesis may be direct, involving the mammary cells at any step in the carcinogenic process, or may be mediated by accessory cells or organs. Possible mechanisms include increased peroxidation of FAs with a high degree of unsaturation, modification of membrane structure and function and modulation of signal transduction, eicosanoid hormone levels and gene expression. Since the membrane FA composition of cells in culture can be modified without changing the cholesterol, phospholipid or protein content (Spector & Burns, 1987) , these mechanisms can be investigated in vitro at the cellular level. To date, there have been very few attempts to study the effects of dietary FAs on breast cancer at the cellular level (Wicha et al., 1979; Rose & Connolly, 1990) .
The intracellular fate of exogenous EFAs is of central importance to any study of the effect of dietary fat at the cellular level. The EFAs can theoretically undergo stepwise two-carbon chain elongations or shortenings, as well as desaturations or saturations, leading to a variety of FAs of the same family ( Figure 1 ). Although processing of this type is believed to occur primarily in the liver, the desaturating and elongating ability of a variety of primary cell cultures and cell lines has been demonstrated (reviewed by Rosenthal, 1987) . While many transformed or malignant cells have limited capacity to perform FA desaturations (Dunbar & Bailey, 1975; Iturralde et al., 1990; Marra & de Alaniz, 1992; Naval et al., 1993) , very little is known about the ability of cancerous and normal human mammary epithelial cells to elongate and/or desaturate exogenous FAs in culture.
In this report we compare the MCF-7 human breast cancer cell line (Soule et al., 1973) with the recently established non-cancerous human mammary epithelial cell line MCFlOA (Soule et al., 1990) Cell numbers were determined by nuclei counts as described by Lin et al. (1991) , except that cells removed from each well with 0.5 ml of trypsin-EDTA were combined with 0.5 ml of LSM/L-with 5% (v/v) FBS and 1 ml of 2 x hypotonic solution (40 g 1' Triton X-100, 0.2 M citric acid). Vesicles consisting primarily of PC, with the FA of interest either at the sn-2 position with 16:0 at the sn-I position (for OA, AA and DHA) or at both the sn-and sn-2 positions (for LA and LNA), were prepared by probe-tip sonication following the guidelines of Woodle and Papahadjopoulos (1989) and Iscove (1984) . The liposomes contained 1-palmitoyl-2-oleoyl-phosphatidylserine (PS), cholesterol and vitamin E at 1:5, 1:1 and 1:3 molar ratios to PC respectively. Bligh and Dyer (1959) , and contained 5 ig of heptadecanoic acid (17:0, HDA) as internal standard. Day 3 was chosen for total lipid analysis because cultured cells are known to take up exogenous FAs quite rapidly, and FA uptake and metabolism undoubtedly precede any FA-induced growth effects. Analysis of various glycerolipid fractions was routinely performed at day 6 (day 4 for MCF-IOA cells). No discrepancies between FA profiles at days 3 and 6 (or 4) were noted.
Thin-layer chromatography (TLC) Prior to TLC, extracts were dried under nitrogen and redissolved in chloroform containing 0.1 g 1' butylated hydroxytoluene. Aliquots were loaded onto silica gel TLC plates, using chloroform-methanol-acetic acid-0.15 M sodium chloride (50:25:8:2.5, v/v) to separate and quantify the phospholipid classes. The remaining material was fractionated in a two-step TLC system [first step as above; second step in hexane-diethyl ether-acetic acid (70:30:1, v/v)], which also separates the neutral lipid classes. The spots were identified by parallel analysis of phospholipid and neutral lipid standards, and analysed for FA content by GC.
Thiobarbituric acid-reactive substances and phosphorus assays The extent of exogenous lipid peroxidation was characterised by the level of thiobarbituric acid-reactive substances (TBARSs), primarily malondialdehyde (MDA), measured in spent culture medium using the method of Buege and Aust (1978) . The modified Bartlett procedure for total phosphorus (Martinetti, 1962) was used for quantification of liposome preparations and phospholipid classes separated by TLC.
Gas chromatography (GC) Extracts were dried under nitrogen and redissolved in 1 ml of GC-grade petroleum ether. FA methyl esters were prepared using BF3/methanol (14%, w/v), and analysed by capillary GC as previously described (Subbaiah et al., 1993) . Phospholipid and neutral lipid classes scraped from TLC plates were treated directly with BF3/methanol and supplemented with 1 #Lg of HDA.
Statistical analyses Statistical significance of the growth results was assessed by paired Student's t-test on the raw data from all experiments (three experiments each in triplicate for each albumin-bound FA; two experiments each in triplicate for each FA presented in PC liposomes). Fgwe 2 Effect of a, the n-3 FAs LNA (O), EPA (A) and DHA (0) Effects of n-3 and n-6 fatty acids on cell growth MCF-7 cells We examined the influence of three n-3 (LNA, EPA and DHA) and two n-6 (LA and AA) albumin-bound FAs on the growth of MCF-7 cells ( Figure 2 ). All n-3 FAs tested inhibited cell growth in a dose-dependent manner (6-30 gM), with EPA and DHA being most effective. For the n-6 FAs, LA had no effect over the same concentration range, while AA was as inhibitory as LNA. Low-serum-containing medium was used to minimise interference from serum FAs and to enable evaluation of FA incorporation and processing without the need for radiolabelled compounds.
n-3 and n-6 fatty acid incorporation into and processing by MCF-7 cells MCF-7 cells cultured in medium containing 5% FBS without any other FA additions were found to contain primarily monounsaturated FAs (54% of total intracellular FA, mainly oleic and palmitoleic acids) and saturated FAs (37%). Essential FAs (mainly LA and AA) obtained from serum constituted 9% of total FA. In order to define the EFA processing patterns of MCF-7 cells and to explain the different growth effects of LA and AA, we measured the extent of EFA incorporation into and processing by these cells in the same low-serum-containing medium used in the growth experiments described above (LSM/L-). Table I shows that the exogenous FAs were Fugwe 3 Effect of a, the n-3 FAs LNA (D), EPA (A) and DHA (0) and b, the n-6 FAs LA (U) and AA (A) on the growth of MCF-IOA non-cancerous human mammary epithelial ceils in medium containing 0.5% FBS and 1.5 g 1' BSA to which the FAs were bound. The cells were exposed to 30 FM total FA and were counted after 4 days. OA was used as control (30 FM) (Figure 2 ). Some retroconversion, or chain shortening, also occurred. At the time of extraction, one-quarter of DHA was present as EPA. Some AA (about 5%) was present as 20:3,6 and possibly 18:3,.
The DHA to EPA retroconversion is known to occur in a variety of animal tissues, while retroconversion of AA is not as well documented (Rosenthal et al., 1991) . (Figure 3) . In contrast to MCF-7 cells, the effects of LA and AA on MCF-IOA cell growth were qualitatively the same, consistent with these cells' ability to produce substantial amounts of AA from LA. (Guilbaud et al., 1990 ).
Effects of n-3 and n-6 fatty acids presented as phospholipid liposomes to MCF-7 cells In one study, Imagawa et al. (1989) Inhibition of MCF-7 cell growth by n-3 FAs, but not by LA (n-6), is consistent with the different effect of fish oil compared with corn oil in rat models of mammary carcinogenesis Katz & Bovlan. 198-: Pritchard et al.. 1989; Cave. 1991 - (Borras & Lckec, 1992 (Begin et al., 1986; Horrobin, 1989 Horrobin, , 1990 (Bird & Draper, 1980 (Bartoli et al., 1980 , Cheeseman et al., 1984 . Furthermore, many but not all transformed or malignant cell lines in vitro have a reduced capacity for A6 desaturation (Dunbar & Bailey, 1975; Maeda et al., 1978; Iturralde et al., 1990; Marra & de Alaniz, 1992; Naval et at., 1993) .
Tlhe relationship between A' desaturation and cancer remains unclear, but Horrobin (1989 Horrobin ( , 1990 (Steinberg et al., 1989) 
